Cannabis is one of the most widely used intoxicants
INTRODUCTION
Despite being illegal, cannabis is one of the most widely used intoxicants; almost half of all 18 year olds in the USA and in most European countries admit to having tried it at least once, and ¬10% of that age group are regular users (Iversen, 2000) .
D
9 -Tetrahydrocannabinol (THC), the principal psychoactive ingredient in marijuana, produces euphoria and relaxation and impairs motor coordination, time sense, and shor tterm memory (Ameri, 1999) . Clinically useful attributes of the cannabinoids (CBs) include their ability to produce analgesia, reduce chemotherapy-induced emesis, stimulate appetite, and attenuate seizures and spasticity (Croxford, 2003) . In the hippocampus, CBs inhibit GABA release from a subset of interneurons and inhibit glutamate release from principal neurons. Cannabinoids are reported to produce both rapid and long-term changes in synaptic transmission. (Katona et al., 1999; Domenici et al., 2006) . Some previous investigations are pointing toward the enlargement of the synaptic cleft in the septal region under the influence of THC (Harper et al., 1977) , although prolonged exposure to WIN55,212-2, (THC agonist) but not THC, desensitized the protective effect. Treating cells that had undergone postsynaptic density protein loss with WIN55,212-2 reversed the loss and enabled recovery of a full complement of synapses (Kim et al., 2008) .
The nucleus accumbens, divided in two parts, core and shell, has already been reported as the target of changes in THC dependence withdrawal, according to the deterioration of the dopaminergic system (Spiga et al., 2011) .
The aim of our study was to evaluate the influence of THC on the synapses of both parts, core and shell of the accumbens nucleus in rats, prior to continuing our study with THC effects on the brains of different species, including humans.
MATERIALS AND METHODS

Subjects
Ten male Wistar rats weighing 280-300 g , were housed in groups of four in a temperature (21±1 o C) and humidity (55±5%) controlled environment in wire cages (solid bottom cages, 59.0×38.5×20.0 cm). The animals had free access to food pellets and water and were kept on a 12-h light/dark cycle (lights on 7:00 PM-7:00 AM). The animals were handled daily for at least 1 week prior to surgery. Rats were administered twice a day (08:00 a.m. and 20:00 p.m.), for 6.5 days with D 9 -THC (Sigma, Milano, Italy) emulsified in 1% Tween 80, then diluted in saline solution and administered intraperitoneally, in a volume of 3 mL/kg.
The coordinates (Paxinos) with respect to the bregma were as follows: Nucleus accumbens shell lesions: (1) +1.7 mm anterior (AP) to bregma; ±1.1 mm lateral (L) to the midline; and dorsoventral (DV) -6.4 mm below the dura; (2) AP, +1.7 mm; L, ±1.1 mm; DV, -6.9; (3) AP, +1.7 mm; L, ±1.1 mm; and DV, -7.9 mm.
Perfusion procedure and tissue preparation
After a recovery period of 4 weeks, rats were subjected to an extensive behavioral analysis. Care was taken not to use one animal in more than three behavioral procedures. After completion of the behavioral experiments, rats were deeply anaesthetized with Nembutal (60 mg/kg, ip) and, after loss of the corneal reflex, were perfused with a solution of 0.9% NaCl solution at room temperature for 2 min at a flow rate of 30 mL/min followed by 4% paraformaldehyde (Sigma) in 0.1 M phosphate buffer (Sigma) at 4 o C (pH 7.2) at a flow rate of 30 mL/min for 15 min. The descending aorta was clamped, and the animal's head was packed with ice during the entire perfusion.
Brains of the four animals (two exposed and two controls) were taken for light micropscopy peroformed by Golgi staining. Blocks of brains cut accordingly to the coordinates of Paxinos atlas were cut from 1 cm thick coronal sections through fresh brain in the region anterior to the decussating anterior commissure and were immediately immersion fixed in 2.5% glutaraldehyde, 2% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). The Golgi-impregnation technique was applied to these blocks Š1% osmium tetroxide (4 h), 3.5% potassium dichromate (3 days) and 0.75% silver nitrate (approximately 16 h)¹ or to 100 mm vibratome sections cut from the 5 mm 3 blocks Š1% osmium tetroxide (40 min), 3.5% potassium dichromate (18 h) and 1% silver nitrate sandwiched between two slides (approximately 6 h); Bolam and Ingham, 1990¹. Golgiimpregnated blocks were subsequently sectioned on a vibrating microtome at 100 mm. All sections were dehydrated in graded ethyl alcohol (50%, 5 min; 70%, 30 min; 95%, 15 min; 100%, 15 min x2; propylene oxide, 10 min x2), embedded in resin (Durcupan, ACM; Fluka), mounted on slides and coverslipped. The resin was polymerized at 60 o C for 48 h (Bolam and Ingham, 1990 ). The longest dendrite (selected qualitatively) from 30 medium sized spiny neurones from both the shell and core of the accumbens nucleus of each control subject and PD patient was quantitatively analyzed with regard to spine numbers ( Figure 1 ) using a computer-aided tracing system (Neurolucida; Microbrightfield Inc., USA). The spine numbers were expressed as spines per 10 mm of dendrite from the soma to the distal tip (Stephens et al., 2005) . Total dendritic length was calculated by the method established by Sholl et al. (1953) .
For the electron microscope analysis, the animal's head was placed in 4% paraformaldehyde in PB overnight at 4 o C. The following day, the brains were extracted from the skull and placed in a solution of 30% sucrose in 0.1 M PBS, pH Samples of the tissue were placed in a cold fixative for 1 hour and then postfixed in cold 1.5% osmium tetroxyde dehydrated through cold graded ethanols; and flat-embedded in Epon 812. Sections encompassing the entire depth (1.8 mm) of the sample site were cut on a Leica RM2265 (Leica Inc, GmBH) ultramicrotome at 600 nm in thickness. Semithin sections were stained with toluidin blue. Thin sections were stained with uranyl acetate and lead citrate (Venable and Coggeshall, 1965 ) and viewed with a Philips EM-420 electron microscope. Samples for quantitative study were randomly coded so that the investigators were unaware of the rat source of the tissue under study. Photographic plates taken for measurement were standardized for magnification (39,000 X) and enlarged with a 3.75 print factor.
Synapses of the same morphologic type from tissues of the 6 representative brains (3 THC exposed and 3 controls) were compared.
Axodendritic synapses, as already described by Harper et al. (1977) were observed and measured. These synapses are characterized by a thickened postsynaptic cytoplasmic opacity bordering the region of synaptic contact and by a population of spherical vesicles. Only those fine structures with clear pre-and postsynaptic membranes were included, so as to ensure exact cross-sectional measurement of the cleft (Harper et al., 1977) . We used 120 representative figures (60 from the experimental and 60 from the control groups). All the photos were, after calibration measured by freeware available from the Internet (Scion Image, Scion Inc. USA).
Statistical analysis comprehended the usual measures of central tendency and test of mean difference by t-test for independent samples at 95% probability level.
RESULTS
The shell part of the nucleus accumbens seemed to be more susceptive to the THC influence. The THC application affected total dendritic length and, subsequently, number of spines at 10 mm length (Tables 1 and 2 ).
In non exposed rats, dendrites are evident in various sectional planes and an electron-lucent intercellular space which varied from 8-13 nm separates all tissue components. Axodendritic synapses are characterized by a presynaptic button, with a complement of spherical synaptic vesicles, a distinct synaptic cleft, and a postsynaptic dendrite. The synaptic cleft region of such a synapse was observed under 80,000 X magnification. The presynaptic membrane, the cleft region, about 18 nm in width, and the postsynaptic membrane with its subsynaptic opacity were clearly visible. In exposed rats, under the same conditions (80,000 x magnification) a significantly larger synaptic cleft has been obtained in the shell segment of AN, but not in the core part (Table 3) . 
DISCUSSION
In this study, authors intended to demonstrate the potential influence of D 9 -tetrahydrocannabinol on the dendritic morpholgy, such as total dendritic length and number of spines, as weel as on the synapses of the accumbens nucleus in rats. We have established that there is a difference in the responsiveness of the parts of AN to THC: neurons of the shell part exhibited synaptic enlargement and neurons of the core part measured axodendric synapses width same as unexposed animals.
Two parts of the accumbens nucleus are reported to be sexually dimorphic: core/shell gender differences have been outlined as more expressed in the core region (Forlano and Wooley, 2010) .
Some recent studies have shown the persistent disparity in core/shell excitability might be an important mediator of the changes in reward circuit activity that drive drug-seeking behavior in animal models of addiction (Kourrich and Thomas 2009 ). Shell neurons are pointed as less responsive to experimentally induced ethanol seeking in rats (Chaudhri et al., 2010) , although the neurotoxicity of THC is reported to be at least ambiguous. However, other investigations lead to the point that the shell part is more responsive for pleasure feeling (de Luca et al., 2011) .
Treatment of rats with high doses of THC given orally for 3 months (Scallet et al., 1987) or subcutaneously for 8 months (Landfield et al., 1988 ) was reported to lead to neural damage in the hippocampal CA3 zone, with shrunken neurons, reduced synaptic density and loss of cells (Chan et al., 1998) . However, in another study the potent synthetic cannabinoid WIN55,2122 was administered twice daily (2 mg/kg) to rats and led to an apparent increase in hippocampal granule cell density, and increased dendritic length in the CA3 zone. In perhaps the most severe test of all, rats and mice were treated with THC 5 days each week for 2 years and no histopathological changes were observed in the brain, even after 50 mg/kg/day (rats) or 250 mg/kg/day (mice) (Chan et al., 1996; Iversen, 2003) . The widening of the synapse under the influence of THC may lead to both, excitation and attenuation of hippocampal synaptic activity by cannabinoids prevented synapse loss. Excitatory neurons maintain a precarious balance between full integration into excitatory networks, with the associated risk of overstimulation and withdrawal from the network to increase survival, with the associated loss of network function. Modulation of presynaptic CB1 receptors either directly or through modulation of the excitatory CB system may prove to be a useful pharmacologic approach for maintaining this balance during neurodegenerative disease (Kim et al., 2008) .
In summary, effects of THC is different from one part of the accumbens nucleus to the second one: in part which is, according to the literature, more related to the reward feeling, the shell of AN widens the synapses while on the other, the core, this effect is not so expressed. Still, further investigation ought to be done to determine the factors leading to synapse changes and to determine the CB1 receptor density potential differences between the two mentioned parts.
AKNOWLEDGEMENT: This investigation was partially financed by Grant III 41020 Ministry of Education and Science, Rep. of Serbia
